The target for the oral erectile dysfunction drugs, phosphodiesterase type 5 (PDE5) inhibitors, is part of a pathway implicated in the development of malignant melanoma. An increased risk of melanoma in sildenafil users was recently reported.
port, it has been suggested that PDE5 inhibitors represent an important part of the medical history for dermatologists, and that melanoma screening could be performed by the physician when a sildenafil prescription is written for an older man with a history of sunburns. 3, 4 It is projected that by 2025, 322 million men worldwide will be affected by erectile dysfunction, 5 and PDE5 inhibitors are the most commonly prescribed medications used for treatment of this condition. 6 Given the frequency with which these medications are used, further support for a causal association with the development of malignant melanoma would have important implications. The objective of this study was to reexamine the association between use of PDE5 inhibitors and malignant melanoma using population-based data in the Swedish Prescribed Drug Register, the Swedish Melanoma Register, and other nationwide health care registers and demographic databases in Sweden. We hypothesized that if PDE5 inhibitors promote malignant melanoma 7 : (1) men with the greatest number of prescriptions would have the highest risk, (2) PDE5 inhibitors with longer half-life would be associated with higher risk (ie, a doseresponse relationship), (3) there would be a higher risk of advanced-stage melanoma in users of PDE5 inhibitors, and (4) there would be no association between PDE5 inhibitors and basal cell carcinoma in which the implicated pathway is not involved. 2 
Methods
The Research Ethics Board at Umeå University Hospital approved the study and it received exempt status for participant consent. We performed a nested case-control study to examine the association between PDE5 inhibitors and the risk of malignant melanoma. By use of the unique Swedish person identity number, the comparison cohort of the Prostate Cancer Data Base Sweden (PCBaSe 3.0) was linked with the Swedish Cancer Registry. The 614 601 prostate cancerfree comparison group in PCBaSe had been randomly selected from the Swedish population on a 1:5 ratio from groups of men matching the prostate cancer cases on year of birth and county of residency. We identified incident melanoma cases diagnosed between 2006 and 2012, who were free of other cancers at the date of melanoma diagnosis. For each case of malignant melanoma, we randomly selected 5 controls using incidence density sampling, stratified on year of birth from men who were cancer-free at the date of diagnosis for the index case. 8 The Swedish Melanoma Register was used to obtain detailed information on location and stage for melanoma cases, which were then categorized into early stage: stage 0 (melanoma in situ, not N1 or M1), intermediate stage, stage I (Breslow thickness ≤1 mm, not N1 or M1), and advanced stage II through IV (Breslow thickness >1 mm or N1 or M1). 9 In a separate analysis, we also examined the association between use of PDE5 inhibitors and risk of basal cell carcinoma of the skin. Information on basal cell carcinoma was retrieved from a separate section of the Swedish Cancer Registry that is dedicated to this diagnosis. We identified incident basal cell carcinoma cases diagnosed between 2006 and 2012, who were free of other cancers at the date of basal cell carcinoma diagnosis. For each case, 2 controls were randomly selected using incidence density sampling, stratified on birth year, from men who were cancer-free at the date of diagnosis for the index case.
The Swedish Prescribed Drug Register, which includes data on all prescribed medications since July 2005, was used to determine the number of filled prescriptions for PDE5 inhibitors. 10 Therefore, only cases diagnosed in 2006 (ie, the first full year with availability of prescription data) or later were included in the study of melanoma and basal cell carcinoma.
We examined the relationship between the number of filled PDE5 inhibitor prescriptions (1, 2-5, ≥6) and melanoma risk. Separate analyses were performed to examine specific PDE5 inhibitors (sildenafil and vardenafil or tadalafil with a longer half-life 11 ), and stage of melanoma at diagnosis. Data on educational level, income, and marital status were obtained from the LISA database, a longitudinal integration database for health insurance and labor market studies. Data from the Patient Register on discharge diagnosis (International Classification of Diseases, Tenth Revision coding) from hospital admissions up to 10 years prior to the date of melanoma diagnosis for cases, and for controls the date for their index case, were used to calculate a Charlson comorbidity index (CCI). 12 This index is a weighted score, based on the sum of 17 categories of diagnoses as previously described. 13 Multivariable conditional logistic regression analyses were performed to estimate odds ratios (ORs) adjusting for CCI, marital status (married vs not married, divorced, separated, or widowed), educational level (low, <10 years; intermediate, 10-12 years; high, >12 years including university education or equivalent) and disposable income. Similar models were performed for preplanned subset analysis of men younger than 70 years at the time of melanoma diagnosis. Subset analysis was also performed to estimate ORs for melanoma in men exposed to PDE5 inhibitors within 1 year and more than 1 year prior to diagnosis. A complete-case analysis was performed as there was less than 2% missing data overall. Data management and incidence density sampling were performed using Statistical Analysis Systems
Results
A total of 4065 previously cancer-free men were diagnosed with melanoma during the study period (cases) and were compared with 20 325 cancer-free men (controls). Table 1 shows the demographics of the study population, and Table 2 shows melanoma features. Men who had filled prescriptions for PDE5 inhibitors were younger, had less comorbidities, were more often married, had a higher educational level, and had a higher income than men without PDE5 inhibitor prescriptions. Among men who had filled PDE5 inhibitor prescriptions, those diagnosed with melanoma had a lower CCI, higher educational level, and higher income than men not diagnosed with melanoma.
Of 4065 melanoma cases, 435 men (11%) had filled prescriptions for PDE5 inhibitors, as did 1713 men of 20 325 controls (8%) (crude OR, 1.31 [95% CI, 1.17-1.47]). In multivariable analysis, a significantly increased risk of melanoma remained in men with filled PDE5 inhibitor prescriptions (OR, 1.21 [95% CI, 1.08-1.36]).
Among users of PDE5 inhibitors, 734 men (34%) had filled a single prescription, 804 men (37%) had 2 through 5 prescriptions, and 610 men (28%) had filled 6 or more prescriptions (eTable 1 in the Supplement). In multivariable analysis, the risk of melanoma was significant for men who had filled a single prescription (OR, 1.32 [95% CI, 1.10-1.59]; 4% for cases vs 3% for controls) but not for men with multiple filled prescriptions (for 2-5 prescriptions: OR, 1.14 [95% CI, 0.95-1.37], 4% for cases vs 3% for controls; for ≥6 prescriptions: OR, 1.17 [95% CI, 0.95-1.44], 3% for cases vs 2% for controls) ( Table 3) . There was also a significantly increased risk of melanoma among married men, those with a higher educational level, and those with a higher annual income; men with a CCI of 2 or higher were significantly less likely to be diagnosed with melanoma.
PDE5 inhibitors were significantly associated with stage 0 (OR, 1.49 [95% CI, 1.22-1.83]; 13% for cases vs 8% for controls) and stage I melanoma (OR, 1.21 [95% CI, 1.02-1.43]; 12% for cases vs 10% for controls), but not with stages II through IV (OR, 0.83 [95% CI, 0.63-1.09]; 6% for cases vs 7% for con- Missing data 4 (1) 17 (1) 21 (1) 39 (1) 321 (2) 360 (2) Annual income, percentiles trols) (Figure) . Similarly, among men younger than 70 years at diagnosis, the relationship between PDE5 inhibitors and melanoma was only significant for stage 0 melanoma among men with a single filled prescription (eFigure 1 in the Supplement). However, there was no significant association between number of filled PDE5 inhibitor prescriptions and advanced stage melanoma. Of 435 melanoma cases exposed to PDE5 inhibitors, 275 men (63%) had filled prescriptions for sildenafil and 224 men (51%) had filled prescriptions for vardenafil or tadalafil. The association with melanoma was similar for the 3 PDE5 inhibitors; sildenafil (OR, 1.14 [95% CI, 0.99-1.31]) and vardenafil or tadalafil (OR, 1.16 [95% CI, 0.99-1.37]). To further assess the temporal aspect of the association between exposure and risk, we performed additional analyses. A significantly increased risk of melanoma was found only among men whose first prescription for PDE5 inhibitors was within 1 year prior to melanoma diagnosis (OR, 1.27 [95% CI, 1.09-1.48]); whereas, among men who began using PDE5 in- 
Discussion
In a Swedish cohort of men, the use of PDE5 inhibitors was associated with a modest but significant increased risk of malignant melanoma. However, men with multiple filled prescriptions did not have a greater risk than those with a single prescription. In addition, the association was similar for shortand long-acting PDE5 inhibitors, and was significant for lowstage but not for high-stage melanoma. We also observed a significant association between use of PDE5 inhibitors with basal cell carcinoma. Overall, the pattern of association raises questions about whether this association is causal. Rather, the observed association may reflect confounding by lifestyle factors associated with both PDE5 inhibitor use and low-stage melanoma. Li et al 2 previously reported an association between selfreported sildenafil use and melanoma risk among men in the Health Professionals Follow-up Study. In that study, recent use and ever use of sildenafil were associated with an increased risk of melanoma (HR, 1.84 [95% CI, 1.04-3.22] for recent use vs HR, 1.92 [95% CI, 1.14-3.22] for ever use). However, their results were based on only 142 melanoma cases of which 14 used sildenafil; whereas our risk estimates were based on 435 cases who had used any PDE5 inhibitor, and specifically 275 sildenafil users, resulting in more narrow confidence intervals for the risk estimates. Other important differences from our study are that Li et al did not differentiate between melanoma stages, which was possible in our study by use of detailed clinical information retrieved from the Swedish Melanoma Register, and their participants were asked about sildenafil use in a questionnaire in the year 2000, and no update on use of sildenafil or data on use of other PDE5 inhibitors were collected. By contrast, the relationship of all PDE5 inhibitors to melanoma was the primary research question for our study and we obtained complete data on all filled PDE5 inhibitor prescriptions from a nationwide prescription register, allowing us to examine cumulative exposure. Our overall risk estimate of 1.2 would translate to 7 additional cases of melanoma per 100 000 PDE5 inhibitor users based on the 2012 incidence of melanoma in Sweden of 35 melanoma cases per 100 000 men 14 ; however, the age distribution in our cohort does not correspond to the general Swedish population, so the estimate may be biased. Furthermore, the estimate is based on the unlikely assumption that all men would have the same characteristics as men who had filled PDE5 inhibitor prescriptions in our study.
Following the study by Li et al, a recent editorial raised the question of whether sildenafil could have a role in the worse survival rate of melanoma in elderly men if it promotes melanoma cell invasion. 4 Indeed, melanoma cases diagnosed at an age older than 65 years have poorer survival compared with younger cases. 15 The observed disparities in survival by age and sex persisted even after adjustment for race/ethnicity, histologic subtype, anatomic site, stage at diagnosis, and depth. That notwithstanding, we found no association between sildenafil and other PDE5 inhibitors with advanced stage melanoma, suggesting that exposure to these drugs does not contribute to the previously observed differences in mortality by sex and age. Furthermore, Surveillance, Epidemiology, and End Results (SEER) data show an increase in the 5-year survival for melanoma cases diagnosed from 1999 through 2001 compared with earlier cases. 15 As sildenafil was approved for treatment of erectile dysfunction in 1998, this temporal trend provides additional ecologic evidence against a major role for PDE5 inhibitors in promoting invasiveness of melanoma. Because sildenafil has a short half-life, and therefore a potentially less-prolonged effect on signaling pathways, we also studied other PDE5 inhibitors with a longer half-life to assess if there was a greater risk of aggressive melanoma for men using these drugs. However, even men with multiple filled prescriptions for vardenafil or tadalafil, with a longer half-life, did not have a significantly higher risk of melanoma.
In contrast to most other drugs in Sweden, PDE5 inhibitors are not subsidized. Correspondingly, we found an association between higher socioeconomic status and use of PDE5 inhibitors, similar to previous studies. 16, 17 Also, a strong association between higher socioeconomic status and the risk of malignant melanoma has been documented. 18 Among PDE5
inhibitor users in our study, those diagnosed with melanoma had a higher socioeconomic status and a lower comorbidity burden than PDE5 inhibitor users not diagnosed with melanoma. Despite our efforts to adjust for variables related to socioeconomic status and health, it is possible that the observed relationship of PDE5 inhibitors with early stage melanoma reflects residual confounding from differences in lifestyle factors (such as leisure travel with ensuing sunburns) and health care seeking behavior. Strengths of our study include the use of high-quality, population-based data from the Swedish national registries. Comprehensive linkages provided complete and detailed data including exact data on cumulative exposure by use of filled PDE5 inhibitor prescriptions in the Swedish Prescribed Drug Register with documented high capture and detailed melanoma stage from the Swedish Melanoma Register, in addition to information on socioeconomic factors and comorbidity. Our analysis also accounted for the potential confounding factor of prostate cancer, which is associated with both exposure 16 and outcome, 19 by censoring men at the date of prostate cancer diagnosis. Furthermore, our results were based on 30 times as many melanoma cases exposed to PDE5 inhibitors than in the previous study by Li et al (n = 14). 2 Our data also allowed assessment of possible associations between number of filled prescriptions, type of PDE5 inhibitor, and risk of melanoma by stage, which are all important factors when assessing the plausibility of a putative causal relationship between drug exposure and risk of cancer. Finally, the assessment of the association between basal cell carcinoma, a skin cancer not related to the implicated melanoma progression pathway, and use of PDE5 inhibitors provided a negative control.
Several limitations of the current study deserve mention. The median age at diagnosis of melanoma for US men is 64 years, whereas the median age of melanoma in our study population was 70 years because our analyses were based on a control population from the PCBaSe 3.0 database (selected from the general population as age-matched controls for men with prostate cancer). Thus, the proportion of younger men in our study was lower, which resulted in marginally lower power and wider confidence intervals for this subgroup. However, risk estimates in the subset analyses of men younger than 70 years yielded similar results to those in the full study group, further supporting the view that the age distribution was unlikely to materially affect the results. Thus, it is very unlikely that our sampling procedure introduced a selection bias. In addition, our classification of PDE5 inhibitor use was exclusively based on records of filled prescriptions. Prior studies from the United States have reported that a minority of men obtain PDE5 inhibitors online without a prescription, 20 which may also occur in Sweden, resulting in potential misclassification of exposure in some men. Finally, our data set did not include data on important melanoma risk factors such as skin type, history of sunburn, previous travel, and family history of melanoma.
Conclusions
In a Swedish cohort of men, the use of PDE5 inhibitors was associated with a modest but statistically significant increased risk of malignant melanoma. However, the pattern of association (eg, the lack of association with multiple filled prescriptions) raises questions about whether this association is causal.
